Rehabilitation is proven to improve function following a stroke. The functional outcomes of stroke patients and benefits from rehabilitation are highly variable. We aim to describe functional outcomes and gains following inpatient rehabilitation post-stroke and identify factors associated with improved outcomes.
INtRODUCtION
Advances in acute stroke care have resulted in increased prevalence of stroke survivors. In Singapore, the incidence of stroke is 1.8/1000 person years with a prevalence 4.03% in residents above the age of 50¹. The incidence of stroke will rise in Singapore with our rapidly ageing population and will contribute further to the prevalence of stroke survivors. Approximately 40% of stroke survivors have moderate to severe disability with a corresponding huge impact on societal and healthcare burdens².
Multidisciplinary early inpatient rehabilitation improves functional outcomes following a stroke, with reduced likelihood of institutionalisation and mortality 3, 4 .
National clinical practice guidelines strongly advocate for the integration of rehabilitation programs in optimal stroke care 5 . However, stroke rehabilitation is resource intensive and it is critical for policy makers to evaluate the cost-benefit considerations for appropriate triage 6 .
Several reasons prompted this study on inpatient stroke rehabilitation. There exists several Proceedings of Singapore Healthcare  Volume 22  Number 3  2013 epidemiological studies of inpatient rehabilitation cohorts in Singapore. However, these invariably were not specific for stroke, limited to an elderly cohort, excluded socio-demographic predictors or were retrospective in design [7] [8] [9] [10] [11] .
In this study, we aimed to describe stroke patients admitted to an inpatient tertiary rehabilitation facility with a customised, comprehensive set of demographic, medical and social characteristics, functional outcomes, and functional gains from admission to discharge 12 . We also aimed to identify factors associated with functional outcome and gains following inpatient stroke rehabilitation.
MEtHODS
We conducted a prospective cohort study for a five-years period from February 2004 to January 2009 on consecutive stroke patients who were admitted to the inpatient rehabilitation unit of the Singapore General Hospital Department of Rehabilitation Medicine, located within the acute hospital premises and admits a variety of stroke patients across a wide range of severities. The admission criteria are: (1) diagnosis of stroke defined on clinical features and supported by computed tomography or magnetic resonance imaging findings, (2) aged 15 or older, (3) sufficient neurological and medical stability, (4) persisting impairments or disabilities which impact activities of daily living, and (5) potential to participate and benefit from a comprehensive goal-directed inpatient stoke rehabilitation programme. The consultants from the Department of Rehabilitation Medicine selected these patients during conjoint neurology or neurosurgical consultation rounds or on formal referrals from these departments. They subsequently coordinated the transfer of appropriate candidates from acute departments to the rehabilitation unit. All patients received approximately two to three hours of physical and occupational therapy per weekday with referral to medical social worker, speech therapist, psychologist, or other medical or surgical departments as necessary.
A custom-designed stroke rehabilitation database was developed using Microsoft Access 2003 (Microsoft Inc, Redmond, VA). The parameters charted were determined after a thorough review of the stroke rehabilitation literature and through consensus with the stroke rehabilitation team. We focused on variables represented in similar large rehabilitation databases and included consistent predictors of functional outcomes. In addition, data pertinent to local cultural practices which may impact on rehabilitation outcomes such as presence of caregiver support and the use of acupuncture were included.
The data collected were classified into six categories: (1) demographic and administrative data, (2) social and cultural characteristics, (3) diagnosis of stroke type and diagnostic details, (4) cerebrovascular risk factors, (5) medical complications, and (6) functional outcomes. Demographic data included age, gender, and marital status. Administrative data were acute (ALOS) and rehabilitation length of stay (RLOS) and discharge destination. Social and cultural characteristics included race, caregiver support, employment, and housing type. Stroke details included stroke type (ischaemic versus haemorrhagic), side of paralysis, and first-time versus recurrent stroke. Established cerebrovascular risk factors charted were smoking, hypertension, atrial fibrillation, ischaemic heart disease, lipid levels, and diabetes mellitus. Documented complications included deep vein thrombosis, depression, urinary tract infection, pressure sore, and pneumonia. Depression was diagnosed by consensus amongst the managing team based on patient's reported symptoms and clinician or caregiver observations, since standard criteria and questionnaires were difficult to apply in conditions such as aphasia or severe cognitive deficits 8 .
The primary functional outcome measure used in this stroke rehabilitation database was the FIM score, which consists of thirteen motor and five cognitive items and has established content and construct validity, sensitivity, and interrater reliability for stroke 8, [12] [13] [14] . Motor items are categorised into eating, grooming, bathing, dressing, toileting, continence, and mobility domains. Cognitive items assessed include communication, social interaction, problemsolving, and memory. Scores range from one (totally dependent) to seven (totally independent) for each of the 18 items, with total scores ranging from 18 (totally dependent) to 126 (total functional independence). A multidisciplinary team led by a rehabilitation physician assesses and scores the FIM for all stroke rehabilitation inpatients within 72 hours of AFIM and DFIM from our unit. The absolute functional gain is calculated as DFIM-AFIM and indicates functional improvement. The Proceedings of Singapore Healthcare  Volume 22  Number 3  2013 rehabilitation efficiency is further calculated as the absolute functional gain divided by the RLOS 9 .
The SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Means and standard deviations or counts and percentages were used for descriptive statistics. Parametric tests were used to assess differences in group means and the chi-square test was used to evaluate differences in group proportions unless otherwise indicated. A p-value of <0.05 was considered statistically significant. We performed two multiple linear regression analyses to identify independent clinical variables associated with the DFIM and functional gain. The independent variables chosen were based on prior literature review as well as a consensus among the authors. Variables were then entered simultaneously into the linear regression models. The adjusted R 2 was calculated for these models to assess whether they were good predictors of the DFIM score and functional gain. This study was approved by the Institutional Review Board of the Singapore General Hospital.
RESULtS

Demographics, Social, and Cultural Characteristics
There were 1332 stroke patients with complete functional outcome records and this cohort was used for further analysis. Sixteen patients had incomplete records and these were excluded. The mean age was 64.1±12.6 years (range 19 to 94) and 785 (58.9%) were male. Chinese patients (1075, 81%) were the predominant racial group, followed by Malays (150, 11.3%). At time of stroke, 73.6% of patients were married, 13.8% were widowed, 9.1% were never married, and the rest separated or divorced. Four hundred and eighteen (31.4%) were employed with 45.5% of these working in jobs requiring manual labour. There were significantly higher proportions of patients less than 65 years and male patients who were working (both p<0.01). The majority of patients (85.7%) lived in public housing and 48% lived in housing without elevator landings. The main caregiver was a family member in 56.3% of patients, domestic foreign worker in 15.5% of patients, or approximately equal responsibilities for both family members and domestic workers in 9.5% of patients. No caregiver could be identified in 22.1% of patients. Three hundred and seven patients (23.0%) required intensive intervention by the medical social worker on a variety of issues including financial help and caregiver support.
Stroke Cohort and Clinical Characteristics
Ischaemic stroke comprised 78.9% of the cohort with haemorrhagic stroke constituting the rest. The sensorimotor impairment was predominantly right-sided in 41.1%, left-sided in 42.0%, and bilateral in 8.3% while the rest had minimal paresis. Hypertension (78.4%) was the most common cerebrovascular risk factor. Diabetes mellitus (40.8%), smoking (20.9%), ischaemic heart disease (20.9%), and atrial fibrillation (8.4%) were also commonly found. Two or more cerebrovascular risk factors were identified in 58.4% of this cohort. Urinary tract infection occurred in 283 patients (21.2%) and was the most common complication during the inpatient stroke rehabilitation stay. Other common complications included poststroke depression (17.4%) and pneumonia (7.4%). One hundred and thirty patients (9.8%) received acupuncture as an adjunct to inpatient rehabilitation.
The mean ALOS was 9.7±13.9 days with a median of seven days. The RLOS had an average of 18.7±11.1 days with a median of 17 days. The large majority of patients were discharged home (87.7%), while 7.7% were discharged to a step-down (community hospital) rehabilitation facility.
Functional Outcomes
The mean AFIM was 67.9±23.0 with a mean DFIM of 83.2±23.5. This corresponded to a mean functional gain of 15.4±12.3 FIM points as well as a rehabilitation efficiency of 0.945 FIM points per day of rehabilitation stay (Table 1) . This functional gain is highly significant (p<0.001). Severe strokes (total AFIM 18-40) constituted 14.1% of patients and Univariate analyses on clinically relevant stroke subgroups were performed and these are further detailed in Table 2 . Geriatric stroke patients more than 64-years-old have significantly lower AFIM, DFIM, and functional gain scores. Male stroke patients have higher DFIM and functional gain scores. Haemorrhagic strokes start with significantly lower AFIM scores compared with ischaemic strokes, but have larger absolute functional gains, resulting in similar DFIM scores comparable with ischaemic strokes. Strokes with right-sided sensorimotor impairments have small but statistically significant lower AFIM and DFIM scores compared with strokes with left-sided impairments, but have similar functional gains.
In the first multiple regression analysis, higher DFIM scores were associated with higher admission motor and cognitive FIM scores, younger age, male sex, being employed at admission, marital status as single, presence of a caregiver, haemorrhagic stroke, right-sided motor impairments, absence of urinary tract infection or depression, acupuncture treatment, and longer rehabilitation length of stay (Table 3 ) (please see overleaf ). These variables accounted for 82% of the variance in DFIM scores.
In the second multiple regression analysis, higher functional gains were associated with the same set of independent variables as those for higher DFIM, in addition higher admission motor FIM scores were associated with the lower functional gains (Table 4 ) (please see overleaf ). These variables accounted for 32% of the variance in DFIM scores.
DISCUSSION
This large prospective study provides novel data on inpatient stroke rehabilitation in Singapore collated in a systematic approach which allows comparison with other institutions and countries.
The demographics and clinical profile of our cohort support the results of previous studies. The racial distribution of patients in this study is similar to that nationally 15 . Additionally, there was a higher male to female ratio, but this appears consistent with previously published local data 16 . The average age of this cohort (64.1 years) is lower than generally accepted cut-offs for geriatric services (65 years) 10, 17 . This indicates that stroke occurs commonly in younger age groups whose needs should be addressed specifically. Return to work should be a key rehabilitation end-point and provision of vocational rehabilitation is critical to reduce the financial and societal burden in this subgroup 18 . The proportion of haemorrhagic stroke is higher than western populations but similar to local stroke cohorts 1, 16, 19 . Hypertension is the most common cerebrovascular risk factor in our study and many patients have concomitant diabetes mellitus. Similarly, the prevalence of these risk factors is higher than western epidemiological studies but consistent with local data 1, 16, 19 . Our results highlighted several culture specific findings. The high rate of discharge home is encouraging. This may reflect the closely-knit family structures in Asian societies. There is a significant proportion of foreign domestic workers involved in the caregiving of stroke patients which is characteristic of local practices 8 . Adequate education and training programmes for all caregivers should be provided. A large number of patients live in housing without elevator landings hence stair-climbing is an important rehabilitation goal for these.
The ALOS and RLOS for stroke in our study are similar to those in North America, but shorter than in Japan 13, 20, 21 . Specifically, the RLOS is relatively short compared to another local stroke rehabilitation cohort and this may represent less complex stroke patients, better initial AFIM scores hence requiring less rehabilitation or it may simply reflect better rehabilitation efficiency 7 .
The most encouraging result is that regardless of the stroke subtype or subgroup, all patients made clinically significant functional gains on completion of inpatient rehabilitation (Tables 1 and 2) with functional gains and FIM efficiencies similar to those reported in the stroke rehabilitation literature [7] [8] [9] [22] [23] [24] .
Lower levels of functional gains in the elderly patients in our study may be due to reduced capacity for post-stroke brain plasticity and consequent diminished motor learning potential. It may also reflect a higher co-morbidity burden or decreased motivation in older patients 17, 18 .
Male stroke patients have better functional outcomes after rehabilitation. This intriguing finding also concurs with prior reports. Possible explanations include weaker social and caregiver support, larger co-morbidity burdens, and higher frailty risk in female patients 8, 25 .
Haemorrhagic strokes are more severe neurologically and have higher mortality than ischaemic strokes at onset 26, 27 . This translates to lower AFIM scores which are also consistent in our study. The AFG scores, however, are higher than ischaemic strokes and may be due to resolution of diaschisis, cerebral oedema, and mass effect 26, 27 .
In the regression on DFIM scores, the identified independent variables in Table 3 explained a substantial 82% of the variance in the discharge functional outcomes. In the regression table on functional gain (Table 4 ), only about one third of the variance could be accounted for with the independent variables. The latter implies that there are multiple factors that are associated with functional change measured as the FIM functional gain that were not included in this data set. The predictive independent variables are similar in both regression models and are discussed together below.
Both the admission motor and cognitive FIM scores were the most important predictors of the DFIM as well as functional gain. This is a consistent and important finding in stroke rehabilitation cohorts and used in the categorisation of disability severity, rehabilitation triage, and for case-mix funding purposes [7] [8] [9] [10] 14, 22 . A point of note is while higher AFIM scores are associated with higher DFIM scores, higher AFIM scores are associated with lower functional gains (negative B-and β-values in Table 4 ). This can be explained by ceiling effects where functional gains are incrementally smaller as the absolute scale measurement value reaches the maximum 7, 8, 12 .
Although elderly patients have poorer functional outcomes, lower DFIM and functional gains, the actual absolute impact is small measured on these outcomes. For example, a 10-years increase in age is associated with approximately only a 1.8 point decrease in the DFIM (B = -0.18) Thus appropriate geriatric stroke patients can achieve good outcomes after inpatient stroke rehabilitation and ageism practices of exclusion on the basis of poor recovery potential should be avoided.
Patients who are employed prior to stroke onset had functionally better outcomes. Reasons for this are manifold, and may include better premorbid function, higher socio-economic status, less depression, and better motivation 8, 19, 28 .
Our data indicating that patients lacking caregiver support having poorer DFIM and functional gains is an intuitive and real finding in the authors' clinical experiences. These patients are often difficult to manage and set rehabilitation goals for, as many of these patients do not reach an adequate functional independence to live alone. Little research has been done examining the Proceedings of Singapore Healthcare  Volume 22  Number 3  2013 relationships between availability of caregiver support and functional outcomes although there is more research examining post-stroke caregiver burden and stress 29 . This poor recovery may be indirectly associated with a reduced quality of life, perception of diminished self-efficacy, or depression post-stroke, all of which are common and likely to be more prevalent in stroke patients without caregivers 17, 30, 31 .
Our study concurs with other studies that have demonstrated that urinary tract infection is the most common reported nosocomial infection in post-stroke patients and is associated with longer hospitalisation, increased costs, delays in rehabilitation with poorer functional outcomes [30] [31] [32] . We also found that post-stroke depression is common and is directly associated with poorer functional outcomes and increased mortality 30, 31, 33 . Early screening and intervention is important to optimise recovery in these patients. The adjunctive use of complementary medicine is common in Asian countries. However, our finding that acupuncture is associated with better discharge DFIM and functional gain scores needs further validation. Most reviews and meta-analyses on acupuncture and motor recovery in stroke indicate little or no benefit 34, 35 . Nevertheless, acupuncture may improve pain and mood in stroke patients that may not have been measured in these studies.
The association of longer RLOS with better DFIM and functional gain is complex. The most direct reason is that the longer patients are in an active rehabilitation programme, the more patients improve. This is likely due to rehabilitation intervention or as a result of natural recovery. Another explanation includes a bias towards only allowing patients who continue to improve to stay longer in the inpatient stroke programme. This magnifies the impact of the RLOS on the functional outcomes.
The major limitation in this study is selection bias. Only patients that were deemed suitable by the reviewing specialists were admitted to our inpatient rehabilitation unit. This may not reflect the wide range of stroke patients with varying degrees of disabilities that may have benefitted from rehabilitation. Patients who had very severe impairments may have been triaged to receive care at facilities which offer a longer period of rehabilitation such as community hospitals or deemed unsuitable for rehabilitation and discharged directly to nursing homes.
Over the five-year period of the study, important parameters such as the RLOS and FIM efficiency may have changed and our study was not large enough to detect these changes. This is particularly due to the rapid advances in stroke rehabilitation interventions such as use of the neuromodulating pharmacology and robotics training, better systems of integrated care and early supported discharge 5, 8, 22, 36 .
Other limitations include the inability to adjust for the ALOS prior to rehabilitation which may have affected AFIM scores. Additionally, the FIM has a good record as a general measure of motor function, it does not measure abilities in the balance, visual, and cognitive domains would have provided more focused results.
In summary, our data provides a broad review of inpatient stroke rehabilitation, which helps to prognosticate functional outcomes, set rehabilitation goals, and facilitate discharge planning. Apart from the initial functional status, a large number of demographic, social, cultural, and medical factors are associated with functional recovery. We also highlight the importance of providing stroke rehabilitation to all appropriate patients regardless of stroke type or subgroup. Future research would include developing better prognostic indicators for functional recovery. These indicators consist of proteomics, genomics, functional neuroimaging, non-invasive brain stimulation, and refinement of clinical scales 36 .
